This study aimed to determine and compare the fatty acid composition and atherogenecity index of milk fat from Nguni, Boer and non-descript at two different sampling periods. The goats (n = 10 for each goat genotypes) were raised under an extensive system of husbandry. Milk samples were collected from each individual goat to determine fatty acids, as methyl esters, using gas chromatography. The result revealed significant differences (P < 0.05) in fatty acid profiles among the three goat genotypes for butyric, caproic, myristic, palmitic, stearic, vaccenic, linoleic, conjugated linoleic, α-linolenic, arachidic, eicosatrienoic and docosapentaenoic acids, among other milk fats. The time of milk sampling also had a significant effect (P < 0.05) on caproic, lauric, myristic, palmitic, palmitoleic, margaric, stearic, linoleic, arachidonic, docosapentaenoic and conjugated linoleic acids of milk fat. In addition, Nguni goats' milk fat had a healthier fatty acid than those of Boer and non-descript goats, characterized by a lower content in saturated fatty acid (68.65, 73.77 and 71.73 (P < 0.05), respectively). Goat genotypes and milk sampling time had an influence on the fatty acid composition of goat milk. These findings support the fact that goat milk is an important source of healthpromoting substances and support the sustainable use of animal genetic resources to improve goat milk fat quality, and hence deserve further investigation with local indigenous goat breeds.
Introduction
Milk from several livestock including cow, sheep and goats plays a significant economic role in the diet of people from time immemorial. Goat milk is known to be used for the production of different types of food such as traditional cheeses, ice cream and yoghurt (Atașo lu et al. 2009 ). The increased knowledge about the nutritional importance of milk has made it a global nutrient source in human diets. However, in addition to the nutritional value, the popularity of milk as an ideal natural food for humans has been enhanced, due to the presence of other bioactive properties, immunological properties and other countless benefits, based on its complex chemical constituents (Mills et al. 2011) .
Considering the teeming population of people in developing countries, goat milk may form an ideal alternative food resource to curb malnutrition in these countries. Most rural areas in developing countries rear indigenous goats for meat, milk and skin among others reasons. In addition, a local dairy product made from goat milk, such as kefir, is used as a functional food and is presumed to be beneficial to human health in Indonesia (Thohari et al. 2012) . However, the practice of using goat milk and its products as part of the family diet is rare in several parts of South Africa. According to Park (1994) , milk from goats differ from that of cow milk in that it has better digestibility, alkalinity, buffering capacity and certain therapeutic values in medicine and human nutrition.
The health benefits of milk are due to its nutrient composition including proteins (Mills et al. 2011) , lactose, vitamins, minerals (Tsiplakou and Zervas 2008) and fats embedded in different proportions in the milk, and these constituents are dependent on different livestock species (Simopoulos 2002) . Judging from the nutritional point of view, fatty acid (FA) composition is one of the essential components of milk with crucial health benefits when considering it as food for humans. In recent years, attention by researchers has focused on milk's fatty acid content and its diverse implications on human health.
Worthy of note is that several studies have reported findings on the use of supplementary feed to manipulate the composition of fatty acids in ruminant milk, so as to reduce any possible health risk of milk for human consumption (Chilliard and Ferlay 2004) . Notwithstanding, there is scarcity in the number of studies that have reported findings on the fatty acid composition in milk of free-ranging goats, which mainly meet their nutrient requirements through grazing or browsing on available open land (veld in South Africa) (Tsiplakou et al. 2006; D'urso et al. 2008) . Research of this nature is of particular significance to the sustainability of goat husbandry (as they depend very much on grazing), because grazing plays an important ecological role and contributes to the production of milk and its products in many countries. Furthermore, studies have shown that the fatty acid profile of animal milk fat is very important to consumers, due to its positive influence on human health (Mills et al. 2011 ). The present study was, therefore, aimed to determine and compare the changes in milk fatty acid composition and atherogenicity index of free-grazing indigenous South African goats at different milk sampling periods.
Study area
The study was conducted in the central eastern Cape Province of South Africa. The geographical location of the area falls within longitude 32°78 ′ E and latitude 26°8 5′ S with an altitude of about 450-500 m above sea level and a mean annual rainfall of 480 mm. The annual mean temperature of the area is about 18.7°C. Before the start of the study, an ethical clearance certificate (MUC0815IDA01) was obtained from the University of Fort Hare. The study was carried out between the months of May and September 2016. The area lies in the False Thornveld of the eastern Cape of South Africa, which is historically known to be heavily stocked with ruminant animals including goats, sheep and cattle on a yearly basis (Mucina and Rutherford 2011) . The major vegetation of the area includes grass species such as Cympopogon plurinodis, Sporobolus africanus, Aristida congesta, Cynodon dactylon, Themeda triandra, Sporobolus fimbriatus, Digitaria eriantha and Eragrostis. The predominant tree plants in the area are Vachellia karroo (Acacia karroo), Maytenus polyacantha and Scutia myrtina (Mucina and Rutherford 2011; Idamokoro et al. 2016) . Goats are customarily allowed to browse and graze in the morning hours (0900 h) and are returned to their kraals (enclosures) before sunset (at about 1600 h) usually by a herd man. The area is characterized by different seasons including winter (May-July), spring (August-September), summer (October-January) and autumn (February-April).
Material and methods

Experimental animals
A total of 30 healthy goats from three different genotypes, namely Nguni (10), non-descripts (10) and Boer (10), were randomly selected from local goat farmers. The goats used for the study were selected and monitored during their late trimester until their late lactation period which spanned the 5 months of the study investigation. A pregnancy diagnosis test was carried out on the goats to determine their stage of pregnancy using an ultra-scanning machine (Colour Doppler Ultrasound System for Veterinary; model number: EC30 Vet; Zhuhai Ecare Electronics Science and Technology Co., Ltd., Beijing, China). The average age of all the goats used in the study was 5 years, and the selected goats have kidded at least once before. The average weight of the goats was 40.07 kg.
Milk sample collection
Milk samples were collected from non-dairy goat breeds (i.e. Nguni (10), non-descripts (10) and Boer (10) goats) within a 40-km radius within the study site at central Eastern Cape, South Africa. Milk samples were collected by hand milking once a day (between 0800 and 0900 h) from the different goat genotypes. Before milking, goat teats were cleaned with cotton wool and methylated spirit to remove any form of dirt. Milk samples of about 45 ml were collected in a 50-ml sterile plastic bottle and kept in a cooler box before taking them to the laboratory for analyses. Milk samples were collected twice at two sampling periods during lactation which represents the early and late lactation periods (i.e. at weeks 2 and 6).
Determination of fatty acid in milk
The method of Folch et al. (1957) was used to determine the total lipid from milk samples using methanol and chloroform in a ratio of 1:2. A concentration (0.001%) of butylated hydroxy-toluene was added to the methanol and chloroform mixture to obtain fat extracts. Fat extracts in a vacuum were dried in a rotary evaporator and again dried overnight using phosphorus pentoxide as moisture adsorbent in an oven (in a vacuum) at 50°C (Nantapo et al. 2014 ). The total extractable fat content (EFC) of the milk samples was determined by means of gravity and was expressed as % fat (w/w) per 100 g of milk. The fat-free dry matter (FFDM) content of milk was determined after the extraction of fat content, and the residue weighed on a filter paper after drying. The FFDM was calculated using the difference in weight of the initial milk sample before and after drying in the oven, and it was expressed as % FFDM (w/w) per 100 g milk. The moisture content of the milk sample was obtained using the formula as follows: 100% − % lipid − % FFDM. The moisture content was expressed as % moisture (w/w) per 100 g of the milk sample. From the extracted fat, 10 mg of total lipid was transferred by means of a disposable glass Pasteur pipette into a Teflon-lined screw-top test tube. Fatty acids were determined from the fat extracts by trans-esterification to form methyl esters using the method as described by Park and Goins (1994) . This was done by using 0.5 N of NaOH in a mixture of 14% boron trifluoride and methanol solution. The fatty acids in the milk sample extracts were then quantified using a Varian GX 3400 GC with a flame ionization detector, by means of a fused silica capillary column, Chrompack CPSIL 88 (100-m length, 0.25-μm ID with 0.2-μm film thicknesses). The column temperature used for the fatty acids in milk ranged between 40 and 230°C (hold 2 min; 4°C/min; hold 10 min). After quantification of fatty acid methyl esters, 1 μ of the sample in hexane was injected into the column (using a Varian 8200 CX autosampler) in a ratio of 100:1. The temperature of the injection port and the detector was maintained at 250°C. Nitrogen was used as the make-up gas while hydrogen, at 45 psi, was used as the carrier gas. The chromatograms were recorded using a chromatography software known as Varian Star Chromatography Software. The fatty acid methyl ester (FAME) samples were recognized by means of comparing the relative retention times of the FAME peaks from samples obtained from the that of the standards i.e. from Sigma (Sigma-Aldrich, St. Louis, MO) (18919). Additional CLA standards were gotten from Matreya, Inc. (Pleasant Gap, PA) which include the following: trans-10, cis-12 18:2 isomers, trans-9, trans-11, cis-9, cis-11, cis-9, trans-11. The fatty acid from the milk samples were calculated as the relative % of each separate fatty acid as a percentage of the total of all fatty acids found in the sample. Other known fatty acid combinations and ratios were expressed by using the fatty acid data including total polyunsaturated fatty acids (PUFA), total omega-3 fatty acids, total omega-6 fatty acids, total saturated fatty acids (SFA), total monounsaturated fatty acids (MUFA), PUFA/SFA and omega-6/ omega-3 fatty acid ratio. Atherogenicity index was calculated as the content ratio of SFA/unsaturated FA, using the following formula proposed by Ulbricht and Southgate (1991) : atherogenicity index: [C12 + 4 (C14) + C16]:(sum of unsaturated FA).
Statistical analysis
Data were analyzed using the general linear model procedure of the Statistical Analysis System (version 1.9 of 2007). Significant differences between the least square means for genotypes and lactation stages on fatty acid composition and atherogenicity index were performed using the PDIFF procedure of SAS. The model used is given below:
where Yijk = fatty acid composition and atherogenicity index of the milk samples μ = overall mean Gi = effect of the ith goat genotype (Nguni, Boer, non-descript) Pj = effect of the jth milk sampling time (weeks 2 and 6) GiPj = interaction between goat genotypes and milk sampling time eijk = random error
Results
The results of the study showed that goat genotypes had a significant influence (P < 0.05) on fat content of the milk (Table 1 ). The milk of non-descript goats had a higher mean value of fat content compared with those of Nguni and Boer goats ( Table 1 ). The time of milk sampling had no significant influence on the fat content, fat-free dry matter content and moisture content of milk. In addition, there were no significant interactions between goat genotypes and the time of milk sampling (weeks 2 and 6) on the fat content, fat-free dry matter content and moisture content of the milk (Table 1) . Likewise, goat genotypes had a significant influence (P < 0.05) on butyric, caproic, myristic, pentadecylic, palmitic, stearic, elaidic, oleic, vaccenic, linolelaidic, linoleic, conjugated linoleic, α-linolenic, arachidic, eicosatrienoic, arachidonic, eicosopentaenoic, heneicosanoic and docosapentaenoic acids of milk as seen in Table 2 . The milk from non-descript goat had higher mean values of butyric, caproic, myristic, pentadecylic, linoleic, α-linolenic, arachidic, eicosatrienoic, arachidonic, heneicosanoic and docosapentaenoic acids when compared with those from Nguni and Boer goats. Furthermore, the milk from Nguni goats had higher mean value of stearic, elaidic, oleic, vaccenic, linolelaidic and conjugated linoleic acids when compared with those from Boer and non-descript goats. Conversely, the milk from Boer goats had higher palmitic acid compared with those from Nguni and non-descript goats ( Table 2) .
The time of milk sampling had a significant effect (P < 0.05) on milk caproic, caprylic, capric, lauric, myristic, palmitic, palmitoleic, margaric, stearic, oleic, linoleic, conjugated linoleic, arachidonic and docosapentaenoic acids (Table 2 ). The milk during the second sampling period (6 weeks in lactation) had a higher mean value of caproic, caprylic, capric, lauric, myristic, palmitic and conjugated linoleic acids when compared with that of the first sampling period (2 weeks in lactation). Furthermore, the milk of the first sampling period (2 weeks in lactation) had a higher mean value of palmitoleic, margaric, stearic, oleic, linoleic, arachidonic and docosapentaenoic acids when compared with that of the second sampling period (Table 2 ). There was a significant interaction between goat genotypes and sampling times on margaric, elaidic, vaccenic, linolelaidic, linoleic, conjugated linoleic and α-linolenic acids of goat milk ( Table 2 ). The results in Table 3 showed that goat genotypes had a significant influence (P < 0.05) on the milk total saturated fatty acids, total monosaturated fatty acids, total polyunsaturated fatty acids, total omega-6 fatty acids, total omega-3 fatty acids and the ratio of total polyunsaturated fatty acids and total saturated fatty acids (PUFA/ SFA). The milk from non-descript goats had higher mean value of total polyunsaturated fatty acids, total omega-6 fatty acids, total omega-3 fatty acids and the ratio of total polyunsaturated fatty acids and total saturated fatty acids compared with those from Nguni and Boer goats. Likewise, the milk of Nguni goats had higher mean value of total monounsaturated fatty acids when compared with those of Boer and non-descript goats. Table 3 also shows that the milk of Boer goats had a higher mean value of total saturated fatty acids when compared with those of Nguni and non-descript goats. There was no significant influence on the mean value of milk for total saturated fatty acids of Boer and non-descript goats.
The time of milk sampling had a significant effect (P < 0.05) on the total saturated fatty acids, the total monounsaturated fatty acids and the ratio of total polyunsaturated fatty acids and total saturated fatty acids of goat milk (Table 3 ). The time of the first milk sampling (2 weeks in lactation) had higher mean values in the total monounsaturated fatty acids and ratio of total polyunsaturated fatty acids and total saturated fatty acids when compared with that of the second milk sampling period. Conversely, the milk of the second sampling period (6 weeks in lactation) had a higher mean value of total saturated fatty acids compared with that of the first milk sampling period. In addition, there was a significant interaction between goat genotypes and the different milk sampling times (i.e. 2 and 6 weeks in lactation) on the total omega-3 fatty acids and ratio of n-6/n-3 fatty acids of milk fat of goats (Table 3 ).
Discussion
The purpose of the present study was to determine and compare the changes in the fatty acid profile and atherogenicity index of free-ranging indigenous South African goats (Nguni, Boer and non-descript goats) at different sampling periods. The husbandry of goats was based on an extensive system of production. To date, no previous data on the fatty acid composition of milk fat of Nguni, Boer and non-descript goat breeds is available in the literature. Conversely, several studies have reported the effect of breeds on milk fatty acid profile in other livestock such as ewes (Talpur et al. 2009 ) and cows (Myburgh et al. 2012) . However, most studies have focused on evaluating the effect of diet on fatty acid profile of milk fat in livestock (Bouattour et al. 2008; Tyagi et al. 2010) . Assessing the influence of breed on the fatty acid composition of milk fat has not been considered a priority. The reason for this can be explained by the fact that each breed, and indigenous ones in particular, are of interest only in the geographical area where they are raised. According to Silanikove et al. (2010) , milk from goats grazing on rangeland may present an ignored "treasure trove" with respect to the presence of health-promoting lipids found in them. Idamokoro et al. Pastoralism: Research, Policy and Practice (2019) 9:4 Or study found that goat genotypes had a significant influence (P < 0.05) on conjugated linoleic acid. Nguni goats had a higher mean value of conjugated linoleic acids when compared with Boer and non-descript goats. Breed effect on milk fat conjugated linoleic acid content has been reported previously both in cows (Pesek et al. 2005 ) and in ewes (Talpur et al. 2009 ). However, studies on the effect of breed on conjugated linoleic acid for goats are scanty. On the contrary, Tsiplakou et al. (2006) , in their study, did not observe breed effect on the conjugated linoleic acid of milk from four sheep breeds that were maintained under identical feeding conditions.
The time of milk sampling (2 and 6 weeks in lactation) had a significant (P < 0.05) influence on caproic, caprylic, capric, lauric, palmitic, palmitoleic, margaric, oleic, linoleic and conjugated linoleic acids as observed from the current study. In line with our findings, Atașo lu et al. (2009) in their study also reported significant influence of milk sampling time on milk fat for oleic, stearic, capric, lauric, linoleic, linolenic and conjugated linoleic acids. Furthermore, D'urso et al. (2008) , in their study, reported significant variations in some fatty acid profiles (especially, conjugated linoleic acid) at different milk sampling times. However, contrary to our findings, Tsiplakou and Zervas (2013) observed that there was no significant difference in the time of milk sampling and milk fat of caproic, caprylic, capric, lauric, palmitic, palmitoleic, margaric, oleic, linoleic and conjugated linoleic acids. The reason for the variations as observed in the different studies may not be clearly understood, but could be linked to the different goat breeds used in these studies. Several studies have reported the effect of breeds on the fatty acid profiles of goats' milk (Tsiplakou et al. 2006) , ewes' milk (Mierlita et al. 2011; Soják et al. 2013) and cows' milk (Nantapo et al. 2014) . Another possible reason for the variations in the milk fat content (fatty acids) as reported by different authors could be attributed to the variations in the botanical and chemical compositions of the pastures grazed by the different goat breeds (Atașo lu et al. 2009 ). According to Demeyer and Doreau (1999) , difference in the stearic acid content of milk in ruminant animals depends on several factors such as the amount of polyunsaturated fatty acid in the ruminant feed, Δ9-desaturase activity in the mammary glands and bio-hydrogenation processes in the rumen.
Goat genotypes had a significant influence (P < 0.05) on the milk saturated fatty acids, with the milk from Boer goats having higher mean value (73.77%) when compared with those from Nguni (68.65%) and non-descript (71.73%) goats. The mean values of saturated fatty acids obtained from the three goat genotypes in the current study were higher when compared with those reported by Talpur et al. (2009) from the milk of two different breeds of goats (Pateri and Kamori; 64.37 vs. 59.07%, respectively) and in two different breeds of ewes (Kachi and Kooka; 66.96 vs. 59.00%, respectively) . In contrast to our findings, Nantapo et al. (2014) reported a higher value (78.50% at late lactation) of saturated fatty acid for dairy cows raised under a pasture-based system. For milk processors, high value of saturated fatty acid in milk may improve the keeping quality and enhance shelf life due to oxidation stability, but may be detrimental to human health by increasing the chances of cardiovascular diseases.
The mean values of myristic acid obtained from Nguni (7.90%), Boer (9.49%) and non-descript (9.56%) goats were comparable to the values (9.85 and 9.92%, respectively) reported by Talpur et al. (2009) and Barłowska et al. (2011) in goat milk. However, contrary to our findings, Schmidely et al. (2005) reported a higher proportion of myristic acid (12.03%) in goat milk. A lower percentage of myristic acid in milk fat appears to be favourable for human health because of their harmful role in atherosclerosis (Pfeuffer and Schrezenmeir 2000) .
Health-related fatty acid ratio of n-6/n-3 fatty acid did not differ statistically (P < 0.05) among goat genotypes and the time of milk sampling in our study. The mean values of the n-6/n-3 for Nguni, Boer and non-descript goats were low (1.91 ± 0.07, 1.83 ± 0.12 and 1.94 ± 0.09, respectively) when compared to those reported by Mierlita et al. (2011) in milk of two ewe breeds, namely Spanca (4.36 ± 1.17) and Turcana (4.39 ± 0.28). Conversely, Devle et al. (2012) in their study reported a higher value (3.96 ± 0.06) of n-6/n-3 fatty acid ratio in milk fat of goats when compared with those reported for Nguni, Boer and non-descript goats in the current study. It is very essential to have a low health-related fatty acid, especially, n-6/n-3 fatty acid ratio in the diet to reduce negative prothrombotic effects caused by increased n-6 linoleic acid concentration often seen in most Western diets (Tsiplakou and Zervas 2008) .
Furthermore, there was a significant difference (P < 0.05) in goat genotypes and the time of milk sampling as observed for ratios of PUFA/SFA, with non-descript goats having a higher mean value (0.06 ± 0.002) compared with Nguni (0.05 ± 0.002) and Boer (0.04 ± 0.003) goats. The PUFA/SFA and n-6/n-3 PUFA ratios are commonly used to measure the nutritional value and consumer health of animal fat (Pilarczyk et al. 2015) . Generally, a ratio of PUFA to SFA above 0.45 and a ratio of n-6/n-3 below 4.0 are required in the diet to combat some diseases such as coronary heart disease and cancer (Simopoulos 2002) . In the present study, the PUFA/SFA ratios (0.06, 0.05 and 0.04 for non-descript, Nguni and Boer goats, respectively) were considerably lower than the recommended values, whereas the n-6/n-3 ratios for Nguni, Boer and non-descript goats (1.91, 1.83 and 1.94, respectively) were within the recommended values. The reason for the lower
